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ABSTRACT

The purpose of this analysis i1s to determine the magnitude of the
propagation effects of the high altitude nuclear blasts ldentifed by the code
namey "leak™ and "Orange" in disrupting the radio communication links of hoth
military and commercial gervices. The magnitude of these radio communication
disruptions is examined for the distances from the blast locetion, the length
of time of the disruption, and the delay In time between the blast and the
beginning of the disruption on several communication circuits operating
between each of various pairs of geographical terminals, The basis for
evaluating these disruptions is primarily the log records of the reporting
stations.

Normally, the engineered factors of a communjications circuit are design-
ed to enable a minimum acceptable signal toc be received under the worst
expected conditions, The minimum acceptable signal is the result of not only
the attenuation for the length of the path, but alsc the absorptions and
energy scattering along the path and the threshold condition of the receiver.
Reliability of communication requires that the minimum acceptable signal be
received for a sufficiently high percentage of the time. Propagation ocutage
occurs when identifiably less than a minimum acceptable signal strength, or
an unacceptably distorted signal is received for any appreciable time to dis-
rupt standards of message transmission. The effects of Teak and Orange
intensified the conditions contributing to propagation outege. The contribut-
ing conditions were the upsetting of the stability of the ionoephere, the
increased absorption loss of the radiated signal and the loss of support for
the higher frequencies in the vicinity of the shot area. The effects spread
outward for a few thousand miles from the shot area.
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of Multiple Relaying

Hewaii - San ¥Francisco 12 August 1958 , . . .
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I. INTRODUCTION

. 1. A by-product of the release of cnergy following a nuclear blast is
-a dense cloud of ionlzed pgases, These heot ionized gases rapidly rise with
the fireball and are gradually diffused into the atmosphere. In past nuclear
blasts close to the ground, evidences of radiations of radio noise energy
were found mainly at the low frequency end of the radio spectrum, The high
aliitude nuclear blasts identified as "Teak" and "Orange' took place at
heights of roughly 50 and 25 mlles, respectively. At these elevated heights,
the dense cloud of ilonizatlon associated with the rising fireball did not
fully dissipate itself before attaining the lower reaches of the natural
ionization layera, The still turbulent cloud of ionization disturbed and
‘mixed with the natural ionization layers, X, gamma, and beta radiations
.were released in quantity and reacted on more distunt poriions of the iono~
sphere., These effects combined to disrupt communicatinns over a wide region
in the vicinity of the blast.,. It will be shown that the "Teak" shot caused
an intense, wide-ranging disturbance to the HF cammunication band that was
limited to a relatively short period of time of about four hours, It will
also be shown that the "Orange" shot did not cause either as intense or as

- wide~ranging a disturbance to the HF communication band but that the effects

‘lested in Some cases inte the next day. In general, communication circults
were affected up to distances of a few thousand miles away from the shot
Iocation, )

‘2. 8ince the initial reports indicated that the effects of the nuclear
blasts were so widespread, it was decided to analyze the log records of the
ccmmunication 1inks for the range of distances and duration of the disturt-
ance, Since the technical controllers on duty at the cammunication sites
.-are primarily responsible for keeping message traffic moving, a&s a group

" _they do not react to disturbances like trained scientific observers to

gather and record their findings objectively and with precision. Rather
they make various attempts to regain cammunication by switching frequencles,
transmitters and antennas. Since circuit disturbances similar to those
induced by the blast occur naturally fram time to time, the technical con-
trollers reacted to these artificial disturbances in their usual way. Al-
though Army, Air Force, Navy and Central Intelligence Agency stations had
been informed shortly before "Teak" to be on the loockout for unususl pro-
pagation effects, no one was prepared for the magnitude and the duration of
the effects. In most cases special monitoring was conducted for only about
one hour after shot time. For the Orange blsgt; the period of gspecial moni-
toring was extended in many cases to approximately two hours after shot time.
No one was prepared for the delayed reaction at dawn some six hours after
the "Orange" blast when heavy absorption effects impaired communications.
Consequently, not all luyg records coavey iLhe same information on the extent
of the effects of both of these nuclear blasts, Algo the secientific value
of the log records is impaired by the prior demands on the responsibilities
of the technical controllers.

3. On the other hand, a curious effect emerges {rom the log records.
Not all circuits in the affected area report simultaneous loss of commnica-
tion during the time following the high altitude nuclear blasts. Soume
circuits reported that they continued to operate where others repcried loss
of commmication. A comparison will be made between facilities that were
able and those that were nct able to communicate over the identical circuit
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paths during certain critical periods. This comparison will be hased on
available date ‘concerning engineering factors and enviromments in order to

demonstrate which modulations and engineering factors contributed the most to
reliability of communications under the disturbed conditions,
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11, VCIRCUIT EXPERIENCE VERSUS FREQUENCY LIMITATION CHARTS

. 1. Thisrsection-contains a discussion of the effects on circuits into,
cut of, or passing near circuit centers in the Pacific Area for which verti-
cal incidence data is plotted.

2. A circult center is identified as a common terminal for several
point-to-point circults and is understood to include the radic communication
receliving and transmitting stations up to approximately 100 miles around a
large city. The distance between circuit centers is much greater than the
dlstance of 8 radio station from the city with which it is identified.

3. An inspection of the charts, Figures 1-40, of consolidated circuit

_experience of circuit centers such as Honolulu, Midway, Adak, San Francisco,

and Okinswa for the days before, of, and after ihe Teak and Orange nuclear
blasts show that a pattern begins to emerge when the sampling is sufficiently
large. Of the many locations that could have been chosen, only these have
been plotted in this manner because dats from a vertical incidence icnosphere
station located nearby was available, The vertical incidence data is con-
verted into equivalent 4000-km F-layer and 2000-kn sporadic E-layer Maximum

Usable Frequencies (MUF) for compariscn with the circuit experience &t each
‘selected circuit center,

: 4. It should be pointed out that the circuit experience indicated by
solid lines on the charts as outage time Is nol necessarily due to propaga-
tion only. Rather, this is the outage time charged in the log records to
propagation failure because the transmission quality was less than acceptable
and could not be certainly charged to equipment failure.

5, "Although there was much cémmunication actiVityAassociated with these

'tests nearer to Johnston Island (the location of the nuclear blasts),

Honolulu is the nearest of the fixed point communication centers to the shot
area. A rapid visual comparison will show that, of all of the more important
circuit centers, Honolulu shows the maximum effect of both the Teak and
Orange shots with the more distant circuilt centers fraom Johnston Island being
progressively less affected, This camparison shows that the intensity of the
effects diminishes with increasing distance. This observation is particular-
1y pertinent when it is recognized that Honolulu is 810 miles fram Johnston
Island, Other places reporting the effects of Teak and Orange are at the
following approximate distances firam Johnston Island:

Midway 935 miles

Canton 1350

Wake 1650

Samoa 2100

Adak 2500

Fiji 2550

Guam 3000

San Francisco 3100

Tokyo 3300

Okinawa 3950

Taipet - 4400 :

Manila 4500 N

“See map, Figure (41) and Appéndices II and III."
24

. SECRET




SECRET
6, From the list of places reporting the effects of Teak and Orange,

Honolulu, San Francisco, Tokyo, Okinawa, Taipel, and Manila are major fixed
peint circuit centers in terms of commnication activity. With Honolulu
being 810 miles fram Johnston Island, the effectz there are most inilense.
The other places being at greater distances from Johnston Island are subject
to lower intensity effects since they repx esent communication paths further
from the location of the nuclear blast Of the two nuclear blasts, the
immediate effects of Teak were the more- intense.

7. To the extent that log records were available; data wns recorded of
eircuit cxperience versus frequency utilization for the day before, the day
of, and the day after the nuclear shot-in.Z (Greenwich Mean) time. The chart
for the day before the shot shows the normal behavior of the eircuits termin-
ating at the circuit center. The chart for ihe day of the shot shows the
simulataneity and duration of the effects after the shot in impairing the
eircuits termlnating at the circuit center. The chart for the day after the
shot shows any lingering effects of the shot bvefore the clrcuits return to
normal at the circuit center. In the following discussions of the effects of
botinh the Teak and the Orange shots respectively, each group of three charis
should be studied with these considerations in mind. Except when otherwise
indicated, all references will be made in Z time,

8. Immediately after tne Teak blast on 1 August, communication both
into end out of Honolulu (Figures 1-6) shows & consistent propagation outage
pattern that wag a maximum in the first four hours but extended over a total
of twelve hours, The plots of the effects of Terk on commnications into or
out of Honolulu do not include daia for circuits passing close by, for which
Honolulu is not a terminal, At no tidie within this period, were all circults

inoperative either into c¢r out of Honolulu., A further look at the chartis for

the 1lst of August shows that the operative c¢ircuitis were distriduted over the
available HF band from sbout 5 to 24 me, The inoperative circuits were
spresd over the HF band from about 5 to 24 me. Many logs indicated frequency
shifts upward or downward to regain communication, &nd reported some success
in re-establishing circuits. However, frequency shifts upward during the

time of day when permiited by a rise in the MUF is normal procedure,

9, The sampling of the circuit experience into and out of Honolulu on
the 12th of August (Figures 7-12) shows a modification in the propagation
outage pattern compared with that ocourring after the Teak blast. After the
Orange blast very few of the circuits show an immediate and continuing . _
ocutage. The major effect of the Orange blast appeared with the approach of
local sunrise and continued for .the remaining six hours of the chart. The
mechanism that apparently accounts for this delayed reacticn is absorption
due to the photo-disscociation of the blasi-generated negative ions by sun-
light to create an excess of free electirons in the ionosvhere. Actually
propagation cutage was reported for as mich as 24 hours after sunrise at
Honoluju following the Orange blast., Again, it is observed that both the
operative and inoperative circuits are spread over ‘the HF spectrum fram
about 5 to 24 me. After iocal sunrise, when maximum absorption effects
vegin, the lower 1imit of usable frequencies shifte upward to about 13 mc,

- Note that there is much less evidence of mid-morning propagation outages on

the date prior to test Orange
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10, The apparent greater density of eircuits working out of rather
than into Honolulu for Teak and Orange is partially due to the monitoring
of Navy fleet broadcasts on-a number of frequenciles simultaneously at
several distant points of reception by CIA monitoring stations. There are
no corresponding return circuits carrying messages btack to Honolulu.

11, The heavy solid curve is the 4000-km equivalent F~layer MUF and
the upper heavy dashed curve is the 2000-km equivalent sporadic E-layer MUF
based-on the vertical incidence iomospheric data taken at Maui for the day
recorded on the charts, These MUF's are indicative rather than correct
because thcy were not taken at the individuml controi points of the circuits,
There are so many circults spread over the azimuth that a MUF at the control
point for one circuit would not dpply to the control points of other cir-
cuits. Furthermore, they differ from the predicted monthly average F-layer

" MUF that was calculated at the U, S. Army Signal Radio Propagation Agency
for the various circuits into or out of Homolulu,

12. For the day of the Teak blast, a break in the heavy solid curve
F-layer MiF at 28 mc occurs at shot time. The records of the vertical
incidence data taken at Mauj for three hours after gshot time camnot be
used for MUF calculations becsuge these records are too badly disturbed,

At about 14002, the F-layer MUF curve reappears &t about 7 me. The effect
is as if the nuclear blast had blown a hole in the ionosphere in the vicinity
of the shot area, As the ionosphere reforms, only the lowest frequencies
begin to be supported. The typical spread between a nighttime F-layer MUF
and & predawn dip is not as great as the dip in this case when the F-layer
MUF reappears. Between about 1500 and sbout 1730Z, the F-layer MUF has
risen from about 6 mc to about 21,5 me. The rise covers the period of about
0500 to about 0730 Hawaiian Standard Time. This F-layer MUF rise 1s also
mich greater than usually occurs during the recovery from the predawn Gip.’
Again attention should be drawn to the apparent circuit operations at
frequensies above the equivalent F-layer MUF as based on vertical incldence
data taken st Maul.  As previously pointed cut, the F-layer MUF that applies
- to0 a particular cireuit is thet assoclated with the control point of that
cirecuit, ]
13. The 4000-km F-layer MUF based on the vertical incidence data taken
at Maui for the day of the (range shot differs from that of the Tesk shot.
Here the F-layer MUF begins to drop from sbout 30 mc at shot time to shout
13 me about four hours latér, At this time the vertical incidence records
begoms sc disturbed that they cannot be used for determining local F-lsyer
- MUF until nine hours after shgt time, The lower heavy dashed curve
represents the minimum frequency {{~-min) at which a reflection from any
. ionospheric layer appears on the jonogram. Thic poramcter is normally read
‘as an Indication of the ionospheric absorption in the area. On Figures 9
-and 10, f-min begins to climb very rapidly at about 1500Z. This rise occurs
when the vertieal incidence F-layer MUF recordings became unusable at about
four hours after shot time. The rising vertical plot of f ghows an
excessive increase in absorption causing the break in the F—l&yer MUF plot,
Although this extremely high f-min lasted only about one and-one-half hours,
the vertical incidence ionospheric data was too disturbed to be employed for
calculating the F-layer MUF for five hours beginning at 15002 on 12 Augusti.
This rising absorption was of relatively brief duration during the Teak shot
and is not recorded on Figures 3 and 4, Local effects described previously
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as the result of photodissociation of the negative ions by local sunrise
account for the excessive absorption associated with the delayed propagstion
failures of circuits following the Orange blast.

1. Midway is 935 miles from Johnston Island and 1300 miles from
Honolulu, The charts of circuilt experience for Midway for the 1lst, 1lth;
12th, and 13th of August (Figures 13-16) contained more data on circuits
that passed near to Midway than into Midway, Midway does have a circuit into
Honolulu. Midway i{s close to the control point for circuits fram Honolulu to
Tokyo, Okinawa, Taipei and Manila. The effect of simultaneous circuit outage
following the Teak shot over a range of frequencies from 5 to about 20 me is
very definitely indicated on Figure 13. At no time, however, were all such
eircuits disrupted. The effects of Teak are noted at Midway for as much as
10 hours,

15, Figure 14 shows that on the day before the Orange shot scme cir-
cuits experienced some propeagation outage during the predawn and early
morning hours, For the day of the Orange shot, some of ihe many circuits
into and near Midway experienced propagation cuiage prior to shot time as
shown by Figure 15. Some of this propagation outage persisted into the hours
when the Orange shot caused propegation outage on same of the other circuits
near Midway, The general effect was one of prolonged but sporadic outage
caused both by natural influences and by the superimposed effects of the
Orange shot, Yet over the period of some twelve hours following the Orange
shot, there were circuits that continued to cammunicate in the HF band at
one time or another from 5 to 22 mec,

16, The vertical incidence data for Midway is incompiete for the day of
the Teak shot., Only between the hours of 0500 and 1000 and between 1800 and
2000 Z was data available to determine the 4000-km F-layer MUF, The {-min
deta shows no extended pericd of absorption following the Teak shot thaet
could be plotted on the chart.

, 17. Figure 15 shows that 4000-km F-layer MUF began to diminish a half

hour after Qrange shot time. No bottaming of the F-layer MUF appears here as
it did at Honolulu. The disturbance noted in the records of the vertical
incidence data for about 5 hours after shot time causes a break in the plot-
ted value of F-layer MUF until then, The F-layer MUF then is plotied for
another hour. Then & second period of disturbance occurs for an hour so that
at about 7 hours after shot time, the F-layer MUF can be plotted without any
further breaks, There is same propagation cutage that begins with the periocd
of the second break in the F-layer MUF. The f-min data shows no extended
period of absorption following the Orange shot that can be plotted on Figure
15,

18, Adak lies some 2500 miles slmost duc north from Johnstom Island.
Adak log records show commnication with Honolulu primarily. Most of the San
Francisco and Seattls circuits which pass near to Adak an the great circle
path are plotted on the charts for Adak, Figures 17, 19, 20 and 22 represent
normal samples of propagation outage and circuit activity for days prior to
and after shot time. Figure 17 shows a little propagation outage 24 hours
before the Teak shot but with most circuits working right through., On the
day of tne Teak shoi (Figure 1i#), the response in propagation outage is delay-
ed in some instances by as much as one-half to one hour following shot time.
The propagation ocutage varied in length from one-half hour in most cases to
almost four hours in the worst case in the vicinity of Adak, Many other
circuits continuzd to operate with no outage or with only short outsges in
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communication. The 4000-km F-layer MUF shows a drop about an hour preceding
shot time, The drop continues to 11 mc about an hour after shot time when
the F-layer becomes so disturbed thai the records cannot be scaled. On the
preceding day, 24 hours before the break, the F-layer MUF was 16 mc, The break
in the F~layer MUF for the day of the Teak shot coincides with the time of
the beginning of most propagation outages. The end of the breask in the
F-layer MUF occurs about four hours after shot time st about the time when
many circult propagation outages end, The propagation outages are similar

to those at Honolulu but effect a smaller percentage of circuits in operation
and for a shorter period of time.

19. Because of the occurrence of propagation outages at about the
same time of the day, for the day before, the day of, and the day after
the Orange shot (Figures 20, 21, 22) the certainty of assceiating propagation
outages with Orange is geriously impaired at Adak,

20. Charts are available for circuit experience both into and out of
San Francisco for the 31st of July, lst, 2nd, 11th, 12th, and 13th of August
(Figure 23-34) Z iime. San Francisco, 3100 miles from Johnston Island, is
a major circuilt center and shows the effect of increased distance from the
shot location when campared with Honolulu. For the Teak shot, there is
shown a marked Increase in propagation outage but afr'ecting fewer circuits
and for shorter periods than at Honolulu, This increased propagation cutage
builds up within the first hour after shot time and does not continue much
more than four hours after shot time, For the Orange shot, the indicated
propagation ocutage both into and out of San Francisco differs from Teak in
that it was small and no clear assoziation with the shot effects could
be established, It should be noted that San Francisco communicates both
to the north and east as well as to the west =nd south with various other
places that are not near Johmston Island. This situation diffuses the
effect of the nuclear blast on the circuit activity terminating at San
Francisco from points in the Pacific.

21, The heavy solid curve showing the 4000-km F~layer MUF for San
Francisco shows no unusual behavior as based on vertical incidence data
for this lcocation for 31 July, 1, 2, 11, 12, and 13 August. The comments
made previously on the relation between such locally determined F-layer MUF
and circuit behavior at Honolulu apply as well toa San Francisco, This
F-layer MUF is not located at a control point for any of the circuit paths
into or out of San Francisco. Being determined from vertical incidence
data close 1o San Francisco it can only show local conditions of the
jonovsphere,

22. The next group of chartls ol circuit experience to be examined
is for Okinawa, 3950 miles from Johnston Island. These charts (Figures
35-40) are for 31 July, 1, 2, 11, 12, and 13 August. Okinawa communicates
with Honolulu, Manila, and Tokyo and lies close to the control point for
the Tokyo - Manila circuit. The variation in density of the data on these
and other .charts, particularly for the days before and after shot time,
are largely due to availability or lack of availability of log data from
. all circuits that reported. The charts for 31 July and 11 August being

for days before each of the nuclear blasts showed typical samples of
- propagation outage among the communicating circuits. For the Teak shot,
the Okinaws chart shows an increase in propagation cutage affecting a
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greater percentage of circuits and of greater duration than at either Adak
or San Francisco, These reported outages are distributed over a period

of twelve hours. Some circults recover about four hours after shot time
and go out again nine hours after shot time. Not all propagation outage
patterns are alike or simultanecus, but there are two periods of maximum
occurrence of cutage evident on the chart. This observation is reinforced
by the behavior of the avallable ioncsphere date which shows 2 periods
during which it could not be scaled for F-layer MUF. For the Orange shot,
there are several propagational outages of 8 to 20 hours duration. Three
of these major outages started before shot time and therefore appear to
be associated with more local causes of ionospheric disturbance, These
local causes of lonospheric disturbance combined with the Orange shot
effects account for the amount of propagation outmge shown on the chart,
However, it should again be noted that other circuits were operative over
the band of 5 to 23 me.
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1. In order to obtain an overall geographic concept of the effects
of Teak and Orange on the performance of the communication circuits, a
sequence of synoptic maps (Figures 41-122) of the reported circult exper-
ience was generated. Each map is a modified cylindrical projection of the
globe, On these maps, each of the terminal locations of the reporting
circuit paths is identified by a number as listed in the "Key to Terminal
locations." Each of the reporting circuits is shown by a line approximat-

Y

ing a greai clrcle cumneciing a pair of terminal locations,

2. Each map summarizes circuit data for a time interval of an hour
centered on either the hour or half hour of Z time. A pair of great circle
lines mark the division between day and night at the beginning and the
end of the hourly interval. The great cirele line to the right marks the
beginning of the hourly interval and the cne to the left marks the end of
the hourly interval, Circuit paths that arc partially in daylight and
partially in darkness pass through this moving boundary line,

3. Each cirecuit path is shown as either a solid, a long-dashed, or a
short-dashed line. The solid line is for & circuit path showing a success-
ful communication performance of 80% or greater of the total frequency-
quarter-hours of circuit experience reported by all services using the
path. A long-dashed line is for a communication experience between 30% to
804 successful. Finally, a short-dashed line is for communication exper-
ience of 30% or less that is successful., The fraction associated with each
c¢ircuit path is the communications capability. The numerator of the frac-
tion represents the number of frequency-quarter-hours of successful communi-
cations, and the denaminator is the number of frequency-quarter-hours for
which circuit experience was reported. Circuit operation for intervals of
less than fifteen minutes are included in the totals. Where the denominator
is small, a change of one unit in the numerator causes a larger percentage
change than where the denominator is large. It is to be noted that where
the denominator is large, many more circuits are reported as using this
circuit path., Available reports received fram the Army, Navy, Air Force,
CAA, AT&T, Globe Wireless, Mackay Radio, or any other agency that supplied
records of operation during the period of the Teak and Orange tests were
used. The type of modulation used, the power of the transmitter, the gain
ol the trensmitting and receiving antennas, and the frequency employed at
any hour of the day are disregarded in these summations,

4. Those maps with the time interval centered on the half hour were
ineluded to show in greater detsil the effects of Teak and Crange fo
several hours after shot time. Lesser changes are chown only by changes
in the fraction associated with the path and greater changes by changes
in the line symbol identification.

5, As elther the behavior of a circuit path, a group of circuit
paths, or the overall array of circuit paths on the sequence of synoptic
maps is studied, a pattern unfolds. Circuit paths that differ slightly in
azimuth angle and originate from & common terminal differ in length of
circuit path to a greater or lesser degree. For example, the circuits
common to San Francisco and connecting with Tokyo, Okinawa, Formosa, and
Honkong are respectively about 5150, 6100, 6450, and 6900 miles but differ
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by less than 6 degrees in azimuth. Tokyo is about 75% of the distance to
Hongkong. The control points at the far end of these circuits from San
Francisco are spread over about 1800 miles. If the propagation conditions
at the far end control point of these paths of varying length are also
varied in support frequency, the capability for successful communication
will be affected accordingly.

6. For example, at a time interval centered on 0000Z, 1 August 1958,
(Figure 41) in cammunicating with San Francisco, Hongkong showed a ratioc of
0/4, Formosa showed & ratio of 6/6, Okinawa showed a ratioc of 8/8, and
Tokyo showed a ratio of 24/40. Since Formosa and Hongkong show a path
length difference of only 450 miles and are both in daylight, it is
probable that factors other than differences in propagation conditions
account for the difference in ccmmunication performance. The diffeérences
in communications performence can more probably be aseribed to variations
between these circuits in transmitter power, recelver sensitivity, receiv-
ing and transmitting antenna gains, types of modulation in use, number
of channels In use, suitability of assigned frequencies, and correctness
of log records. Thus under normal conditions of cammunication, independent
of the effects of Teak and Orange, engineering and operational factors
affect the records of reported circuit experience, In the same hourly
interval, a similar camparison could be made of Honolulu communicating with
Okinawe and Formosa. This indication of various degrees of difficulty
under normal propagatlon.conditions tends to reduce the significance of
propagation outages as indications of the effects of Teak and Orange.

Some data records, such as those from Adak which include monitoring of
WWVH, contain prolonged normal propagation outages which do not represent
comunication losses, Furthermore, the cammunications performance of each
circuit path 1s as dependent on engineering and operational factors as it
ig dependent on propsgation factors. It should be noted that these maps
show only data that was made available as log or other station records.
Incampleteness in thege station records affect these computed results.

For example, circuit log records fram such places es Canton Island, Nandi
on Fiji Islands, and certain CAA records were prone to report periods of
outage while not clearly stating when the circuits were operating normally.
These deletions affect the accuracy of the data analysis.

7. Both Honolulu and San Francisco are common terminal points for
numerous circuit paths in the Pacific and continental United States areas
for which log data is available, Honolulu being some 820 miloe from Johnston
Isiand is of major interest as representative of circuits that are close to
the shot location. Circuit paths from Honolulu lie msinly in the North-
east, Northwest, and Southwest quadrants. No log reccrds arc available for
circult pathe in the Southeast quadrant fram Honolulu. Circuit paths
fran San Francisco also occupy the Northeast, Northwest, and Southwest
quadrants from this communicatione center. Many circuit paths from San
Francisco go seross the Pacific on great circle routes that lie to the
north of Honolulu by more than 1000 miles, These North Pacliric routes
out of Sen Francisco should show the more remote effects of the Teak and
Orange shots, The routes from Honolulu and San Francisco will be discussed
primarily, but the maps will show other routes in the Pacific as well as
Atlantic regions that are of lesser significance.

31
SECRET




SECRET

8. Depending on the length of the circuli path, on the more powerful
signal that could be transmitted by better engineered circuits, and on the
more reliasble type of service rendered by particular forms of modulatiom,
some of the reported circuits were better able than others to maintain cam—
minications. An examination of the consolidated data and the subsequent dis-
cussion will show that some of the available circuits in most hourly periods
succeeded in maintaining commnications during the worst effects of Teak and
Orange.

9. To simplify the discussion of the sequence of the syncptic maps with
respect to circuit paths that terminated in Honolulu and San Frameisco for
Teak and Orange, four tables (beginning on Page 170) were made of the ratics
of satisfactory frequency-quarter-hours to transmitter operation frequency-
quarter-hours. The ratios are tabulated for the successive hourly intervals
centered on either the bour or half-hour for each circuit path examined.
Trends in circuit path activiiy that correlste with the effects of Teak and
Orange are then more easily ‘studied.

10. Homolulu circuit paths for Teak. {Figures 41 to 72)

(Table I) Since the Teak shot occurred in the vieinity of Johnston
Island, the major effect was felt there and diminished with increasing dis-
tance. The Teak shot took place at 10507, which was 50 minutes past mid-
night, Hawailan Standard Time.

a. The circuits commmicating between Honolulu and Los Alamos
are military Up to 12002, no effect on commnicaticn reliability cccurred
with a ratio of 8/8 maintained. For the hour centered at 1230Z, the ratio
decreased to 4/8. Over the four hour period from the hour cen‘bered at 1300
to 16002 no commmiceation was possible. From 1630 to 1730Z, the circuit
gradually recovered until it was fully restored from 17302 to the end of the
day of 1 August Z-time. Teak did not affect this circuit until 12302, about
one hour and forty minutes after shot time.

b. The circuits communicating between Honolulu and Washingtom,
D. C. are military. Up to 1130Z, communication reliability wes meintained
with a ratio of 8/8. In the hourly interval centered at 1130Z, this circuit
dropped to a ratio of 6/8., In the hourly interval centered at 1200Z, the
ratio dropped to 4/8. The lowest ratio of 3/8 occurred in the hourly inter-
val centered et 1220Z, The ratic wenl up sgain in the hourly Intervals of
1300 to 1530Z to 4/8. From the hourly interval centered at 1600Z to Green-
wich midnight, thes ratio rose and stayed at 8/8. Over a period of four hours
and thirty minutes, this circuit path wes cperating at reduced capaciiy, al-
though at no time was it completely inoperative. Some of the circuits sur-

‘vived the worst effecis of Yeax by operating just above the marginal 1imit of

communication.

c¢. The circuits commnicating between Honolulu aud San Fran-
cisco are both military and commercial. Up to 1130Z as indicated by the
hourly period of 11002 commmication religbility wes maintained with a
glizhily ﬂuctuating but high ratio reflecting little or nc outage much of
the time. In the bourly interval centered at 1130Z, this circuit showed a
small decrease in ratlo to 42/46. The maximua effect of Teak began in the
hourly interval centered at 1200Z with a ratio of 32/47. This maximum
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effect of Teak occurred about an hour after the shot. The maximum effect
continued in the hourly interval centered at 1230Z with a ratio of 36/55.

The circuits gradually improved until at the hourly interval centered at
19002 it is fully recovered with a ratio of 69/69. Since the maximum effect
of Teak caused a ratio of 32/47 in the hourly interval centered at 1200Z, 68%
of the available transmitter operation in frequency-quarter-hours was avail-
able for satisfactory communication under the worst condltion.

d. The Anchorage to Honolulu eircuit path showed an effeet from
Teak at the hourly interval centered at 11302 with a ratio of 4/10. The max-
imum effect of Teak occurred during the hourly intervals centered on 1300 and
1330Z with a ratic of 0/16. From the hourly interval centered st 1430Z to
that at 1530Z, the ratio was 12/16. The circuit was fully recovered in the
hourly interval centered at 18002, Reduced ratios of 11/16, 13/16, 13/16,
end 13716, occurred in the hourly intervals centered at 1630, 170C, 2200 and
2400Z respectively. This is primarily a military circuit path. The engineer-
ed installations do not appear to have had sufficient margin in communication
capasbility to withstand the effects of Teak during at least the first four
hours af‘ter the shot. '

: e. The Adak to Honolulu circult path data for Teak consists
only of continuous monitoring of WWVH brosdcasts at 10 and 15 me. The out-
ages shown during the night preceeding and following the shot may be at least
partially ettributed to normal expected MUF failure. It 1s difficult to say
that the ratio of 6/8 in the hourly interval centered at 1130Z or the reduced
ratios aeppearing during the balance of the day were an indicatlion of the
effect of Teak.

f. The first records for the Midway to Honolulu circuit path
begen at the hourly interval centered at 1030Z, when the ratio is 0/1.
Midway to Honolulu path appears to have had propsgational difficulties at the
start and it eppsars that the effects of Teak prevented commnication from
ever getting estgblished that day.

g. The Tokyo to Honolulu circuit path 1s heavily active with
nilitary and commercial communications. Until the hourly interval centered
at 10%)Z all circults with very few exceptions operated reliably. In the
hourly interval centered at 1100Z the ratio dropped %o 55/82. This
hourly interval included the first 40 minutes after Teak. The previous hourly
interval céntered on 1030Z included the first 10 minutes after Teak, but
showed no loss of communication capability. This shows that the effecis of
Teak on this circuit path were delayed by st least ten minutes if not longer.
In the hourly interval centered at 11307, the first maximum effect of Teuk iz
" noted with a ratio of 33/80. For the remainder of the Teak day, the circuit
path operated at reduced communization capability, The lowest communication
capability occurred at the hourly intervale centered on 15302 and 1900Z with
ratios respectively of 16/57 and 14/68. These dips in communication capabil-
ity seam to be assoclated most closely with the predawn dip typical of normal
propagational conditions (Dawn occurred at about 1600Z at Honolulu and at
sbout 2000Z at Tokyo). On the other hand, Teak affected the communication
cgpability of the Tokyo - Honolulu eircuit path more than it did the Ssn Fran-
cisco - Honolulu circult path, The added mechanism of absorption due to
photodissociation of negatively charged ions with the appearance of sunrise on
the path may have conirituted to the difficulties experlenced on the Tokyo -
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Honolulu circuit path.

h., Tne Okinawa to Honolulu circuit path is primarily for mil-
itary communication., Although this circuit was active and adequately re-
ported from the start of the redio day, it suffered virtually no outage until
shot time. The communication capabilmty then deteriorated for an hour end
one half to a minimum value of 4/16 which persisted for about eight hours,
followed by complete recovery, As in the case of the Tokyo circuits, the
circuits on this path suffered prolonged and severe disturbances following
Test Teak.

i, The Formosa to Honolulu circuit path is primarily for mil-
itary commnication. During the first 4 hours of the radio day, the re-
ported circult experience built up rapidly while the communication capabil-
ity progressively improved. The first post-shot outage was observed in the
hour centered on 1230Z. A minimum in communication cepability was firat
reached in the hourly intervel centered on 1330Z, about 2 hours and 40 min-
utes after shot time. It lasted about 3 hours, and tended to reappear 5
hours leter. Although Okinswa and Formosa are cn the same azlmith from
Honolulu the circuits from Honolulu to Formosa suffered far less from pro-
pagation outages than did those from Homolulu to Okinawa., This difference
in performance indicates that the Formosa to Honolulu circuits were prob-
ably engineered to provide stronger received signals under comparable prop-
""ation conditions,

J. The Manila to Honolulu circuit path is utilized for both
military end commercial communication. It is a long circuit path of 5290
miles, At shot time there occurred a considerable increase in circuit ex-
perience reported as unsuccessful. The first period of minimum ratios ex-
tended from the hourly intervals of 1100 to 1400Z, The second period of min-
imum ratios extended from the hourly intervals of 1600 to 21002. Complete
loss of commnication occurred in the hourly interval centered at 20002
which is sbout an hour before local dawn at Manila. The outage at this time
can be associated with the predawn dip of normal MUF behavior end the added
effect of sbsorption due to the photodissociation of negative ions by sun-
light at ionospheric heights. Circults to the west of Honolulu seemed to
suffer more then circuits to the east of Honolulu,

k. The circuit paths between Honolulu and the Pacific jslands
of Wake, Guam, Eniwetok, and Kwa,jalein are used primarily by the military,
although some CAA traffic passes on the Wake path. A1l of these patha were
profoundly disturbed after shot itime. However, the Wake Islend path pro-
vided no data until just before shot time (when it was completely out) and
it stayed out for 2 hours after the chot. It then made & pax tlal recovery
for the rest of the day. The performance of the others deteriorated during
the hour after the blast and they remained completely out for about the next
6 hours., Recovery occurred at roughly the time of local daybreak in the
area, The superior performance of the Wake circuits could reflect the
greater distance of the control point of this path from the center of dis-
turbance,

1. The Jolnston Island - Homolulu circuit is used mainly

by the military. Thls path had heavy and successful traffic prior to the
shot; only limited experience was reported for the nuxt two hours but it,
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too, was successful. During the remainder of the day attempts were made to
resume the heavy flow of traffic, but with limited and irregular success.
There were no hours of complete outage, the minimum performance occurring
eight hours after the blast. The surprisingly adequate performance of this
path may be partly explained by the fact that the major centers of distur-
bance were directly over the island and at the geomagnetic conjugate, where-
as the control point of the path was some four hundred miles away.

m. The Sidney to Honolulu circult path is mainly commercial
communication. The reported log data extends from the hourly intervals cen-
tered on 1030 to 2400Z. Commercial standards of quality determined when
these circuits were usable.

n. The Canton Island to Honolulu circuit has reported log data
that extends from hourly intervals centered on 1030 to 1760Z., No communi-
cation occurred during this time in gpite of a maximum of eight frequency-
quarter-hours of transmitter operation.

o. The Nandi, Fiji Island to Honolulu circuit path has log
data for hourly intervals extending from1000 tc 2300Z. During this period,
the only successful communications occurred from 1800 to 2100Z and even then
represented a small fraction of the total attempted.

11. San Francisco Circuit Paths for Teak (Table IL)

San Francigco is about 2400 miles from Honolulu and is about 3100
miles from Johnston Island. Many of the circuits from San Francisco connect
with places close to or on the Asiatic continent. These circuit paths are
removed by sbout 1500 or more miles from Jolmston Island and should be less
affected by the Teak shot than the paths out of Honolulu.

a. Fort Sam Houston, Texas to San Francisco is mainly a mili-
tary circuit path and shows mo unusual communication outage associated with
the Teak shot. The same is true for the Washingion to San Francisco circuit
path, for the Chicago to San Francisco circuit path, for the Seattle to San
Franciseo cireuit path, and the Anchorage to San Francisco circuit path.

b. The Korea to San Francisco circuit path showed definite
effects fram the Teak shot., In the hourly interval following the shot the
ratio began to drop and the outage became complete at 13007, Two hours
iater a rapid recovery occurred, followed over the remainder of the day by
variable difficulty including another hour of complete outage at 2000Z.

c. ‘the Hongkong to San Francisco and Formosa to San Francisco
circuit paths showed what appeared to be a delayed effect fromthe Teak shot,
however, since comparable outages were indicated prior to the shot, the post-
chot outages may be due to propagation difficulties normal to this circuit
path,

d. The paths between San Francisco and Tokyo, Okinawa, and
Manils operated so well most of that day that reduced communication capabil-
ity commencing at shot time is most probably connected with Tesk.

e. The Bandung to San Francigco ecireuit path i not

35
SECRET




SECRET

significent in its indlcations since the data begins after shot time., The
apparent effescts are delayed by at least an hour after shot time.

f. The Guam to San Francisco circuit path is nearer to the
area affected by Teak. The circuit path performed well prior to shot time.
The performance was degraded in the hourly intervels immediately following
the shot and communications were totally lost by 1230Z.

g. The Sidney to San Francisco circuit path, 7420 miles long,
passes very close to the test ares which maokes it more vulnerable to the
effects of the Teak shot. This circuit path performed well prior to shot
time at 1050Z. In the succceding hourly intervals up to that centered on
2000Z, no communication was possible. In the hourly intervals centered on
2000 and 2300Z, the circuit path recovered but failed again in the following
hourly intervals.

12. Honolulu circuit paths for Orange (Table III) (Figures 73-122)

The Orange shot also occurred in the vicinity of Johnston Island
and, in general, the major effect diminished with increasing distance. The
Orange shot took place at 1030Z (30 minutes past midnight Hawaiian Standard
Time), 12 August 1958 at a height of about 25 miles above the earth's sur-
face., The severity of the first effect of the Orange test was more confined
in area and did not affect as much of the commnication activity or for as
long a time as the Teak test. The second and major effect of the Orange shot
was assoclated with the signal absorption resulting from excess electrons re-
leased from negative ions by photodissociation with the appearance of sun-
rise on the ionized cloud spreading outward from Johnston Island. With
Jobnston Island being 820 miles to the west of Honolulu, the spreading lon-
ized cloud had more effect on circuits to the wesi than on circuilts to the
east of Honolulu when sunrise sppeared in this region.

a. The Los Alamos to Honolulu circuit path 1s mainly for mil-
itery commmication. Up to the hourly Interval centered on 1230Z, two hours
after shot time, the commnication capability was unimpaired. 'I'he circuit
capability was reduced and fluctuated from the first effect of Orange between
the hourly intervals centering on 1300 to 15002. The second effect of Orange
caused the circuit to drop out completely between the hourly intervalis cen-
tered on 1530 to 2030Z. The circuit rapidly recovered in the hourly inter-
val centered on 21002 and stayed recovered until 24 hours after shoi time.

b. The Washington D. C. to Honolulu circuit path is mainly
for military communication. After operating at aimost maximum capability
until about 13002, the circuit capability was reduced and fluctuated between
the hourly intervals centered at 1330 to 1500Z. The second effect was
observed when the circult dropped out completely in the hourly intervals cen-
tered on 1530 and 1600Z. The circuit was rceovering, but operating at 50%
of capability over most of the perlcd up to the hourly interval centered on
2000Z. From then, until 24 hours after shot time where the record ends,
cireuit operation appeared normal.

¢. The San Francisco to Honolulu circuit path is for both mil-
itary and commercial coamunication. Up o the hourly interval centered on
shot time, the circult capability was almost maximum. From then to 16002
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the circuit capability was reduced approximately 124 and fluctuating. Be-

tween the hourly intervals centered on 1600 to 2300Z, the second effect of

Orange caused the circuit capability to fluctuate between 45% to 75% in two
distinct intervals. Between the hourly intervals centered on 0300 to 10002
on 13 August, the decrease to 82% of circuit capability was reached in the

hourly intervals centered on 00600 and 0700Z, During the effects of Orange,
the communication capability of this circuit path was at no time less than

45%. That the effects of Orange were not more serious is congsidered to be

due to the well engineered circuits in use,

d. The Anchorage to Honolulu eircuit path is mainly for mili.-
tary communication., Communication capability was 100% up to about 1100Z.
From then to 1600Z, fluctuations in path capability occurred. Minimum per-
formance of the circuit was logged in the hourly intervals centered on 1630
to 18302 when the second effect of Orange was indicated. Sunlight should

appear on this northerly path at about 1600Z. No further impsirment of cam-
munication was logged until the record ended.

e, The Adak to Honolulu circuit path log records include moni-
toring of WWVH. The reduced capability recorded for this path may have been

as much due to normal propagation outage as to tne effects of the Orange
shot,

. The Midwmy to Honolulu circuit path is 1296 miles long and
is mainly for military communication, This eircuit worked at maximum cap-
ability up to an hour after shot time, The circuit capability decreased to
zero over most of the next 12 hours.

g. The Tokyo to Honolulu circuit path is for both military and
cammercial communication., Prior to shot time propagation cutage existed on
this path to a greater or lesser degree, No propagation outage could be
associated with the first effect of Orange., Between the hourly intervals
centered on 1630 to 2400Z, the increase in outage appeared to be due to the
second effect of Orange. 1In the hourly intervals centered on 1930Z and
2000Z, no communication occurred although many transmitters were on the air,

For the reported time on the radio day of 13 August, communication was again
at a maximum,

h, The Okinawa to Honolulu circuit path is mainly for military
communication. The presence of normal propagation cutage obscured the ef-
fects of Orange, The minimum capability of 8/16 occurred in the hourly in-
terval centered on 1130Z and 1200Z. Other minima occurred at the hourly

intervals centered on 2100, 2230, and 2330Z respectively.

i. The Formosa to Honolulu circuit path iz mainly for military
camminication, Because this circuit path was experiencing some propagation
outage prior to the Orange shot, propsgation outage fraom shot time to 0700Z
of 13 August could be due to both causes as well as to either one alcne,

Between the hourly periods centered on 13307, 12 August to 03007, 13 August,
no communication was possible.

J. The Manila to Honolulu circuit path is mainly for military
communication. The first effects of Orange appeared to affect communication
during the hourly intervals centered on 1030 to 1120Z. The second effect
occurred between the hourly intervals centered on 1830 to 2400Z. The second
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effect was greater ihan the first effect in impsiring communication,

k., The Wake to Honolulu circuit path is mainly for military
camunication, The first effect was not observed on this path, The pro-
pagation outages that occurred in the hourly intervals centered on 1830 to
2400Z of 12 August are caused by the second effect of Orange.

communication. The first effects of the Orange shot are no
hourly intervals centered on 1100 to 1300Z. The second &if of the Qrange
shot was noted during the hourly intervals centered on 1630 to 2400Z, with
no communication in the hourly intervals centered on 2000 and 2100Z,

1wl oL

oo
AL QUTINE unE

1. The Guam to Honolulu circuit path is mainly for military
tad 4
ect

~
o
<

m. The Eniwetok to Honolulu circuit path is mainly for military
communication. The first effect of Orange was noted during the hourly in-
tervals centered on 1030 to 1130Z, The second eifect of Orange was observed
between the hourly intervals centered on 1630Z, 12 August to 0100z, 13
August, No communication occurred in the hourly intervals centered on 1800
to 21002 and that at 2300Z. h

n. The Kwajalein to Honolulu circuit path is mainly for mili-
tary communication. The first effect of the Orange shot was noted during
the hourly intervals centered on 1100 and 1130Z. The second effect of (range
occurred between the hourly intervals centered on 18302 of 12 August to 02002
of 13 Augusi, Minimum communication capability occurred during the hourly
intervals centered on 2000 to 0100Z.

o. The Johnston Island to Honolulu circuit path is mainly for
military communication., Propagation outages prior to shot time mask the
first effect of Orange, These same normal propagetion outage causes also
mask to some extent the second effect of the Orange shot. No communication
was possible between the hourly intervals centered on 1830 to 2400Z. At the
hourly interval centered on 0700Z of 13 August, all circuits were fully re-~
stored,

p. The Sidney to Honolulu circuit path is mainly for commercial
communication, From the hourly intervals centered on 17302 on 12 August to
03002 on 13 August, no communication was possible although transmitter opera-
tion was reported, This outage 1s charged to the second effect of Orange.

g. The Canton Island to Honolulu circuit path is mainly for
commercial communication, Reporied fransmitter operation occurred for the |
hourly intervals centered on 1730 to 24002, In the hourly intervals centered
on 2020 to 24007, no coummunicution was possible, This 1s the period of the
second effect of the Orange shot,

r. The Nandi, Fiji Islands to Homolulu circuit path is mainly
for cammercial communication, and reported transmitter operation from the
hourly' intervals centerad on 1600 to 2400Z, Due to the second effect of
Orange. no communication cccurred,

13. San Francisco Circuit paths for Orange (Table IV)
On the circuit paths having San Franclisco as one terminal, the
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effects of Orange are not as readily recognizable, In the circuit paths
that are affected, there is & reasonsable time correlation of the first and
second effectrs of the Orange shot.

a, The Fort Sam Houston, Texas to San Francisco circuilt path
is mainly for military communication. The propagation difficulties between
the hourly intervals centered on 1030 to 1330Z may be jusit as likely due to
lack of nighttime support for the frequencies used as to the effects of the
Orange shot since this circuit path is so far removed from the shot location.
The propagation difficulties that occur from the hourly interval centered on
17202 onward occur well after sunrise appeared on this path., No definite
agssociation with the more dominant second effect of Orange can be found in
the presence of the propagational difficulties on this path, The same
analysis can be applied to the data for the Washington to San Francisco cir-
cuit path, to the Chicago to San Francisco eircuit path, to the Seattle to
San Franciscc circuit path, and to the Anchorage to San Francisco circuit
path.

b. The Korea to San Francisco circuit path is mainly for mili-
tary communication, Reduced cammunication capability when it does occur on
this path does not coincide with either the first or second effect of the
Orange shot,

¢, Such data ss is available for the Hongkong ic San Francisco
circuit path and for the Formosa to San Franelsco circuit path does not ccin-
cide with either the first or second effect of the Orange shot,

d. The Tokyo to San Francisco circuit path is for boih militery
and camnercial communication., During the hourly intervals centered on 1100
to 13302, the reduced communication capability on this circuit path colncides
with the first effect of the Orange shot. During the hourly intervals cen-~
tered on 1230 and 1200Z, a 10% reduction in capability occurred., The reduced
communication capability during the hourly intervals centered on 1800 to
19302 coincide the second effects of the Orange shot., In the hourly interval
centered on 1830Z, a reduction of 33% in circuit capability occurred,

e. From the available data for the Okinawa to San Francisco
circuit path, Bandung to San Francisco circuit path, Sidney to San Francisco
circuit path, Singapore to San Francisco circuit path, Shanghai to San
Franelsco circuit path, Wellington to San Francisce ¢ircuit path, and the
camplete data for the Manila to San Francisco circuit path does not coincide
with the first or second effect of the Orange shot.

f. The Guam to San Francisco circuilt patl is mwainly for mili-
tary communication. The propagaticn difficuliies on this path do not coin-
cide directly with either the first or second effect of the Orange. shot.

The reported reduced effects of communication capability occurred between
the hourly intervals centered om 1330 to 1700Z, and centered on 1800 to 24002
of 12 August, and centered on 0600 to 1100Z of 13 August, The reduced com-
munication capability cccurred same two to two and one half hours afier the
correcponding times for the first and second effects of the Qrange shot as
feit at Honolulu,

14. The first and second effects of the Orange shot affected communica~
tion capability of circuits that have one terminal in Honolulu much more
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recognizably than that of circuits that have one terminal in San Francisco,
The Orange shot was more local in its effects than the Teak shot.
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IV. EFFECT OF ENGINEERING FACTORS ON PROPAGATION CUTAGE

1. As stated previously, propagation outage due to Teak and Orange
more often oceurred on comunication eircuits located closer to the shot
area. This is particularly observed on c¢ircuits having one terminal that
1s close to the shot area such as Honolulu, Honolulu is a ms jor radio
communication center in the Pacific Area and is used by many military and
commercial radio links. These radic cireuits represent a wide range of
engineering factors in their design and construction. Nob all circuits
operating during the period immediately following Teak and Orange suffered
to the same extent from propagation outage., The differences in engineering
factors among the circuits must have contributed the deviations in the
effects on signal reception.

2. To analyze the relationship of the engineering factors to the

reliability of communication under the more difficult propagation condi-

. tions caused by the effects of Teak and Orange, the performance of point-
to-point circuits having one terminal in Honolulu is discussed in the
following peragraphs. This discussion will be based on Figures 123-140
which present the operaiing experience of the individual circuits on &
frequency versus time of day basis. The plots are made for the radio day
of Teak and Orange respectively on modified MUF-LUF charts. ZEach path
for each radio day is presented on a sequence of three chartis.

3. The first chart of the sequence cortains the hours of operation
for the radio dey of each circuit transmitting in both directions over the
specified circuit path. The transmitting circuits include gll military,
other governmental and commercisl services communicating by radioc between
these terminals for which data was avallasble. Each circuit is identified
with the receiving agency, type of service, and the user's designation
when more than one circuit was in operation, That period of operation
which is satisfactory is identified by a dotted portion of' the line, and
that periocd of operestion which is associasted with propagation outage is
identified by a solid line. The arrowhead at one end of the line or ths
other designates the direction toward which the signsl is being transmitted
as identified in the title. When no transmission occurs, no portlon of the
line is drawn for this period of time, Superimposed on the chart are
curved lines associated with the MUF and LUF, Across the upper part of
the chart is a continuous solid curve connecting plotted points which are
. the predicted monthly average MUF for the circuit path. Also across the
upper part of the chart is a solid curve with a break in it at or within
about four hours after shot time. This solid curve is the equivalent
4000-1m F-layer MLUF determined frem vertical incidence data for the radio
day of the shot taken at the Maul Ionosphere Station. The dashed curve
with discontinuities in it across the upper part of the chart is the
2000~k sporadic E-layer MUF determined from the vertical incidence data
for the radio day of the shot teken at Maui. The longer dashed curve
across the lower half of the chart is the f-min transeribed from the same
vertical incidence data. The curves plotted from the vertical incidence
deta are not characteristic of the path control points of any circult.
However, this is the only ijonospheric data that is available that can be
compared with the effects on communication that occurred on circuits
terminating at Honolulu on the radio day of each nuclear shot, This
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propagation data is close enough to the control points of the Honolulu
terminated circuits to be useful for comparisons,

4. The second chart of the sequence contains the availsbhle datm on
ACAN and AACS g¢ircuits transmitting to Honolulu, For this purpose, the
engineering factors of transmiiter power, type of service on the circuit,
and the tranemitting and receiving antennas used on the eircult are
specified. The MUF and f-min curves are copied from the f£irst chart of
the sequence. The additional curves plotted on this chart are the one
or more LUF's that are identified with an ACAN and/or AACS circuit operat-
ing over that eircuit path. The LUF is identified with the engineering
factors of the circult using that path specified In the key.

5. The third chart of the sequence contains the available data on
ACAN and AACS circuits iransmitting from Honolulu. The information given
~in the previous paragraph for the description of the data on that chart
applies to this chart also. Only ACAN and AACS circuit information is
used on the second and third charts of each sequence for reasons including
the following:

a. Inquiries for engineering information on the circuits of non-
military and commercial agencies could arouse curiosity by persons not
under control of military security.

b. Engineering factors supplied by non-military and coammercial
eircuits were not directly applicable to the techniques utilized by the
Radio Propagation Agency for calculation of LUF's,

¢. ACAN and AACS engineering factors were available to the U. S,
Army Signal Radio Propagation Agency through existing channels., The
correctness of the date for the day of the nuclear shot could be verified,

d. This analysis of the effects of nuclear detonations on the
reliability of communication, is of primary interest to the milltary,

6. The LUF's are based on monthly predicted propagation conditions
for normal communication on thelr path. LUF conditicns after the nuclear
shot ‘are not likely to be the same 88 those of the prediected LUF,

7. Honolulu to San Francisco Circuit Path (Figures 123-128)
a, Teak (Figures 123-125 and Table V)

(1) Thie circuit path is 2400 miles in lengih and is the
most ective from Honmolulu. It is used by ACAN, AT&T, CAA, AACS, RCA,
Mackay Radlo, and Globe Wireless. This circuit path is subject to multi-
paihing because of the possibility of permiiting more than one mode to
be received at low angles of arrival, On the charts the predicted monthly
average MUF and the MUF computed from Maul vertical incidence ionospheric
data, hereafter known es the Maul radio day MUF, do not differ very much
up to shot time. When shot time ocourred, the lack of usable vertical
incidence data caused the Mauil radic day MUF to be suddenly discontinued
at 28 me, The Maul radio day MUF reappesred about three hours later at
about 6.5 mo. The monthly average MUF predicted for this time of day 1s
about 19 me, The disturbed conditica of the ioscgrame after the Teak shot
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made it impossible to plot the Maui radio day MUF for the three hours after
shot time. For about an hour and twenty minutes, the Maui radio day MUF
hovers around 6 me, During the next three hours, the Maui radio day MUF
¢limbs from 6 to 22 mc and circu’ts affected by Teak recover communication.

(2) Honolulu receiving (Figure 124)

(a) Reference to Table V shows thst prior to shot time
there was no unusual difference in the number of accumulated hours of
outage and in the number of frequency changes for the total hours of trans-
mission time by ACAN-SSB, ACAN-CSRTT and AACS-SSB. After shot time,

Table V shows that for the remainder of the radio day, AACS-SSB had
accumulated four hours and fifteen minutes of outsge ascribed to propa-
gation difficulties and eight hours and fifty-five minutes of successful
comnunications and time for frequency changes after trying five frequency
changes, Neither ACAN-CSRTT or ACAN-SSB report any propagaticn outage
after the Teak shot. Nominally, time taken for frequency changes is about
fifteen minutes and this time is not shown in every instance as part of
the outage time.

(b) With the same type of sixteen channel SSB modula-
tion and with about the same kind of antennas, ACAN-SSB used four kw of
power whereas the AACS~SSB used iwo kw of power. Both circults operated
for a time after the Teak shot at about 7 mc. The major difference is
the advantage of inereased power on the ACAN-SSB circuit. The ACAN-CSRIT
circult had the advantages of operating at a still lower frequency of 5.1
me and using a type of service that proved more reliable thsn SSB operation.

(3) San Francisco receiving (Figure 125)

(a) Reference to Table V shows t